Visceral fat accumulation stimulates the production of adipocytokines in patients with metabolic syndrome. Excess body weight gain during pregnancy is a risk factor for preeclampsia. To evaluate whether the pathogenesis of preeclampsia is similar to that of metabolic syndrome, we measured plasma adipocytokine concentrations and investigated the association between plasma adiponectin concentrations and body weight gain or endothelial function in preeclamptic women. We investigated 15 preeclamptic and 17 women with uncomplicated pregnancies. Women with preeclampsia had significantly lower plasma concentrations of adiponectin (10.2 ± 2.0 vs. 7.3 ± 2.2 lg ml À1 , Po0.01), but higher concentrations of leptin, plasminogen activator inhibitor-1, interleukin-6, vascular cell adhesion molecule-1, E-selectin and C-reactive protein. Plasma triglyceride levels were significantly higher in preeclamptic patients, but the levels of other lipids did not differ significantly between the two groups. We found that flow-mediated vasodilation was significantly decreased in preeclamptic women compared with controls (10.6 ± 6.4 vs. 3.8 ± 2.0%, Po0.001). Plasma adiponectin concentrations correlated negatively with body mass index (r¼À0.50, Po0.05) and body weight gain during pregnancy (r¼À0.63, Po0.01), and positively with flow-mediated vasodilation (r¼0.50, Po0.05) in preeclamptic women, but not in women with uncomplicated pregnancies. Similar to the patients with metabolic syndrome, we found that dysregulation of adipocytokines, such as low adiponectin levels and high levels of other adipocytokines, and excess body weight gain during pregnancy, may decrease plasma adiponectin concentrations that are associated with endothelial dysfunction in preeclamptic women.
INTRODUCTION
Preeclampsia, characterized by elevated blood pressure (BP) and proteinuria during pregnancy, is a leading cause of maternal death that is associated with complications such as cerebrovascular hemorrhage, and renal or hepatic failure. 1 The vascular endothelium contributes to the regulation of vascular smooth muscle tone by producing vasoconstrictors, such as endothelin-1 and thromboxane, as well as vasodilators, such as prostacyclin and nitric oxide (NO). Endothelial cell injury and altered endothelial function are important in the pathogenesis of preeclampsia. 2 In addition to endothelial dysfunction, preeclampsia has also been reported to be associated with insulin resistance, 3 hyperlipidemia 4 and an exaggerated vascular inflammatory response. 5 Metabolic syndrome is a collection of atherosclerotic risk factors that includes obesity, insulin resistance, lipid disorders (especially hypertriglyceridemia) and hypertension.
Obesity is defined as an accumulation of excess body fat, but clinical studies have shown that body fat distribution, rather than the total amount of fat, is a determinant of obesity-related diseases. Several studies have reported that visceral adipose tissue accumulation may have a significant function in the development of metabolic syndrome. 6, 7 Adipocytokines are adipose tissue-derived bioactive substances, such as adiponectin, leptin, tumor necrosis factor-a (TNF-a), plasminogen activator inhibitor-1 (PAI-1), free fatty acids (FFAs) and interleukin-6 (IL-6), produced preferentially by visceral adipose tissue compared with subcutaneous fat. Although visceral fat accumulation stimulates the production of adipocytokines, it decreases plasma adiponectin concentrations. Obese patients have decreased plasma adiponectin concentrations, whereas weight reduction is accompanied by an increase of this adipocytokine. 8 Thus, plasma adiponectin concentrations correlate negatively with visceral fat volume. Adiponectin has been reported to be associated with insulin sensitivity, and hypoadiponectinemia may be linked to the onset of diabetes mellitus. 9 In addition, adiponectin has protective effects on the vasculature, as it reduces the expression of cell adhesion molecules such as E-selectin, intercellular adhesion molecule (ICAM-1) and vascular cell adhesion molecule (VCAM-1), 10 and suppresses the inflammatory response in endothelial cells. Accordingly, hypoadiponectinemia may induce vascular endothelial dysfunction. The association between obesity and preeclampsia is well documented. 11 The pathogenesis of preeclampsia seems to be similar to that of metabolic syndrome, and it is reasonable to speculate that visceral fat accumulation during pregnancy may induce dysregulation of adipocytokines, leading to the development of preeclampsia.
In this study, we compared plasma concentrations of adipocytokines, metabolic syndrome-related parameters and endothelial function between women with uncomplicated pregnancies and preeclamptic women. We also investigated whether plasma adiponectin concentrations are correlated with body weight gain during pregnancy and endothelial function.
METHODS

Study participants
Between 1 April 2008 and 31 March 2009, we evaluated 15 Japanese women with preeclampsia and 17 Japanese women with uncomplicated pregnancies. These participants were recruited consecutively during the study period. Enrollment criteria for preeclampsia included BP above either 140 mm Hg systolic or 90 mm Hg diastolic after 20 weeks of gestation, and proteinuria of 30 mg per 100 ml or more. None of the preeclamptic participants presented with hemolysis, elevated liver enzymes and low platelet syndrome. Women with uncomplicated pregnancies, matched as a group for maternal age and gestational age, served as controls. All of the control women had a normal course of pregnancy and full-term delivery. None of the participants smoked, used caffeine or alcohol, had a history of thyroid disease, liver disease, diabetes mellitus, hypertension, hyperlipidemia or were currently taking any medication known to influence lipoprotein metabolism. We obtained written informed consent from each participant before admission to the study. The study design was approved by the Ethics Committee of Aichi Medical University.
Adipocytokines, inflammatory markers, lipid concentrations, glucose and insulin
Blood samples were collected from the participants between 0900 and 1100 hours after a 12-h fast. We analyzed serum concentrations of ICAM-1, VCAM-1, E-selectin, adiponectin, leptin, PAI-1 and FFAs by ELISA (SRL, Japan). The levels of total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL) and total triglyceride in plasma were measured enzymatically. 12, 13 We analyzed the concentrations of high-sensitivity C-reactive protein (CRP) using the Behring Latex-Enhanced CRP assay on the Behring Nephelometer Analyzer System (Dade, Behring). The concentrations of IL-6 were measured by chemiluminescent enzyme immunoassay. We determined plasma glucose and insulin concentrations by the hexokinase technique and enzyme immunoassay (Tosoh Corp., Japan), respectively, and estimated insulin resistance from the fasting glucose and insulin levels. Homeostasis model assessment of insulin resistance was applied to evaluate fasting insulin resistance using the formula; fasting glucose (mg per 100 ml)Âfasting insulin (mU ml À1 )/405.
Endothelial function
Patients rested in a supine position for 10 min before the study. High-resolution Doppler ultrasonography equipment (Sonovista-Color model MEU-1582, Mochida) with a 10-MHz transducer was used to image the right brachial artery and measure vasodilatory responses. A non-tortuous segment of the brachial artery was scanned longitudinally 4-5 cm above the elbow, where the clearest image could be obtained. When an adequate transducer position was determined, the skin was marked and the arm was kept in a constant position throughout the study. After obtaining baseline images of the brachial artery and determining arterial flow velocity, a BP cuff encircling the proximal portion of the arm was inflated to 250 mm Hg for 5 min, and then suddenly deflated. Increased blood flow after sudden cuff deflation, termed reactive hyperemia, results in flow-mediated vasodilation (FMD). 14 Flow velocity in the artery was determined again, and 1 min after cuff deflation, the brachial artery was imaged. BP and heart rate were monitored and recorded throughout the investigation. The diameter of the brachial artery was measured from the anterior to posterior interface between the media and adventitia ('m' line) at the end of diastole, incident with the R wave on a continuously recorded electrocardiogram. We determined the diameters for four cardiac cycles from images, and averaged these measurements. All scans were recorded on VHS videotape for later analysis. Vessel diameters were measured without knowledge of patient information. We calculated FMD as the percent increase in arterial diameter during hyperemia and used this as an index of endotheliumdependent vasodilation. 15 In our laboratory, the intraobserver and interobserver variability for repeated measurements were 0.03±0.02 and 0.05±0.03 mm, respectively. The variability for FMD performed on 2 separate days was 2.1 ± 0.9%.
The plasma concentrations of adiponectin in the pregnant with hypertension and normal women were estimated 15.0 and 10.0 mg ml À1 , respectively. Seventeen participants in each group needed to detect a significant difference under the statistical situation of a¼0.05 and 1Àb¼0.80 with 15% dropout rate.
Statistical analyses
We used software 'SPSS' on the statistical analysis. Data are expressed as the mean ± s.d. We analyzed differences in patient characteristics, serum concentrations of adipocytokines, lipids, and inflammatory markers, and FMD by Student's unpaired t-test when there was a normal distribution or by the Mann-Whitney test when the parameters were not normally distributed. Regression lines were determined by the least squares method. A level of Po0.05 was accepted as statistically significant.
RESULTS
The systolic and diastolic BPs and the plasma levels of uric acid, creatinine and hematocrit were all significantly elevated in preeclamptic participants. We found no significant difference between preeclamptic and control patients for maternal age, gestational age, body mass index (BMI), body weight gain during pregnancy, platelet counts, liver enzymes and blood urea nitrogen (Table 1) .
Women with preeclampsia had significantly lower plasma concentrations of adiponectin (7.3±2.2 vs. 10.2±2.0 mg ml À1 , Po0.01), but higher concentrations of leptin, PAI-1, IL-6, VCAM-1, E-selectin and CRP ( Table 2 ). The preeclamptic participants had significantly higher plasma triglyceride levels, but the levels of other lipids did not differ significantly between the two groups. Plasma concentrations of blood glucose did not differ between the two groups, but insulin concentrations and insulin resistance were significantly greater in preeclamptic women (Table 3) .
We found no significant difference in brachial artery diameter and blood flow between the two groups. The percent increase in blood flow induced by reactive hyperemia did not differ significantly, but FMD was significantly decreased in preeclamptic women compared with controls (10.6 ± 6.4 vs. 3.8 ± 2.0%, Po0.001; Table 4 ). Plasma adiponectin concentrations correlated negatively with BMI (r¼À0.50, Po0.05) (Figure 1a ) and body weight gain during pregnancy (r¼À0.63, Po0.01) (Figure 1b) , and positively with FMD (r¼0.50, Po0.05) in preeclamptic women (Figure 2 ), but not in women with uncomplicated pregnancies.
DISCUSSION
Patients with metabolic syndrome often present with low adiponectin concentrations and high concentrations of other adipocytokines. 16 Similarly, the results from our study showed that women with preeclampsia had increased plasma concentrations of leptin, PAI-1 and IL-6, but decreased concentrations of adiponectin.
As excess body weight gain during pregnancy has been reported to be a risk factor for preeclampsia, 11 calorie restriction may be recommended to prevent the onset of preeclampsia. Although BMI and body weight gain during pregnancy did not differ between preeclamptic women and controls, they are both negatively correlated with plasma adiponectin concentrations in preeclamptic women. As decreased plasma adiponectin concentrations have been reported to be associated with increased visceral fat volume, 16 our results suggest that visceral adipose tissue may accumulate during pregnancy in women with preeclampsia. The mechanism to decrease adiponectin production on accumulated visceral adipose tissue is regarded as TNF-a-dependent pathway. TNF-a, a major adipocytokine, is produced from visceral adipose tissue and act as a strong inhibitor of adiponectin promoter activity. 17 Although we did not measure plasma concentrations of TNF-a, low adiponectin concentrations might be explained by an increase in TNF-a secreted from accumulated visceral fat in preeclamptic women. In contrast, no significant association was found between adiponectin concentrations and BMI or body weight gain in the control group, indicating that subcutaneous fat rather than visceral fat may accumulate in women with uncomplicated pregnancies. Although visceral fat volume can be measured directly by CT scanning, it is contraindicated to pregnant women. On the basis of the results in this study, we can speculate that body weight gain because of excess visceral fat accumulation during pregnancy may induce the onset of preeclampsia and visceral fat-derived adipocytokines may contribute to the pathogenesis of preeclampsia.
PAI-1 mRNA levels increased up to 10 times in visceral adipose tissue, whereas it remained unchanged in the subcutaneous adipose tissue. 18 According to Matsuzawa et al., 18 plasma concentrations of PAI-1 are positively correlated with visceral fat volume. Thus, elevated plasma concentrations of PAI-1 secreted from visceral adipose tissue may be associated with an increased risk of thrombotic disorders in preeclamptic women.
Adiponectin regulates insulin sensitivity and glucose metabolism. 9 Plasma adiponectin concentration shows an inverse correlation with insulin resistance 19 and administration of recombinant adiponectin results in a significant decrease in plasma glucose concentrations. 20 Adiponectin also has an anti-inflammatory effect by inhibiting the production of CRP. 21 In this study, preeclamptic women had lower adiponectin concentrations and decreased insulin sensitivity, and increased plasma concentrations of CRP and IL-6. These results indicate that hypoadiponectinemia may be associated with insulin resistance and the stimulation of vascular inflammation in women with preeclampsia.
Decreased plasma adiponectin concentrations are observed in patients with vascular disorders such as obesity, diabetes mellitus and cardiovascular disease. Adiponectin may have an anti-atherogenic effect by reducing vascular damage. Adiponectin suppresses TNF-ainduced endothelial adhesion molecule expression, the transformation of macrophages to foam cells, 10 and TNF-a expression in macrophages and adipose tissue. 22 In this study, plasma concentrations of VCAM-1 and E-selectin were elevated in preeclamptic women. Once cell adhesion molecules are expressed on the surface of endothelial cells or leukocytes following cytokine stimulation, they are shed within 24 h. In contrast to adiponectin, CRP induces adhesion molecule expression, 23 and elevated plasma levels of CRP may induce cell adhesion molecule expression in preeclamptic women. As plasma levels of cell adhesion molecules are associated with endothelial function, induced production of cell adhesion molecules may impair the endothelium in preeclamptic women. 
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NO, an endothelium-derived relaxing factor, is released in response to increased blood flow during reactive hyperemia. As several NO synthase inhibitors inhibit endothelium-dependent vasodilation, FMD appears to represent a vasodilation-dependent effect mediated by endothelium-derived NO. 24 In our study, FMD was decreased in women with preeclampsia, indicating that endothelial function may be impaired. In addition, plasma adiponectin concentrations were positively correlated with FMD in preeclamptic women, but not in the control group. All together, these results suggest that decreased adiponectin concentrations may be associated with endothelial dysfunction in preeclamptic women through enhanced expression of endothelial cell adhesion molecules.
Decreased adiponectin concentrations in our study are consistent with some earlier reports, 25, 26 whereas other investigators 27, 28 have found high adiponectin concentrations in preeclamptic women. Ramsay et al. 29 speculated that the elevation of adiponectin in preeclamptic women may be secondary to exaggerated non-specific adipocyte lipolysis or as a physiological response to enhance fat utilization. The authors, however, did not indicate the changes in body weight during pregnancy or the concentrations of other adipocytokines. Other possible explanations for the elevated adiponectin concentrations in preeclamptic women include reduced renal function and adiponectin resistance. In this study, plasma concentrations of adiponectin decreased, whereas concentrations of PAI-1, leptin and IL-6 increased in preeclamptic women. Although plasma adiponectin concentration may increase in women with severe preeclampsia, it may decrease in women with mild-to-moderate preeclampsia. Plasma adiponectin concentrations may depend on the severity of preeclampsia. As adiponectin is secreted from adipocytes, it is unlikely that increases in adiponectin levels occur simultaneously with other adipocytokines in preeclamptic women. Even if adiponectin concentrations increase, it may not have the proper physiological activities.
As visceral adipose tissue has high lipogenic and lipolytic activity, a large portion of the FFAs released from visceral adipose tissue is drained into the liver. In this study, plasma concentrations of FFAs did not increase in preeclamptic women, but might be elevated in the portal vein. Hepatic triglyceride synthesis and very low-density lipoprotein (VLDL) secretion are enhanced and plasma triglyceride levels are elevated in metabolic syndrome. In this study, plasma triglycerides, but not LDL or HDL were elevated in preeclamptic women. This suggests that accumulated visceral fat may stimulate the production of VLDL, resulting in increased plasma triglycerides in preeclamptic women. According to our earlier studies, women with preeclampsia have increased susceptibility of LDL particles. 30 Increased plasma triglyceride levels may reduce the size of LDL particles, making them more susceptible to oxidation. Although we did not measure the size of LDL particles, the elevation of plasma triglycerides observed in preeclamptic women may lead to decreased LDL particle diameter. As small or oxidized LDL particles have been reported to impair endothelial function, 31 hypertriglyceridemia as well as hypoadiponectinemia may inhibit endothelial function in preeclamptic women.
In this study, we observed dysregulation of adipocytokines and endothelial dysfunction in preeclamptic women. According to our data, it is reasonable to speculate that excess visceral fat accumulation during pregnancy may induce the onset or development of preeclampsia. Although direct measurement of fat distribution is difficult in pregnant women, visceral fat can be measured by a recently developed non-invasive bioelectrical impedance technique. Further studies are needed to investigate whether excess visceral fat accumulates during pregnancy in preeclamptic women. 
